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METHODS OF TREATING LIVER DISORDERS AND DISORDERS 
; :r ASSOCIATED WITH LIVER FUNCTION 

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH 



? The invention was inade with Government support from the Heart, Lung and 
Bloodjnstitute pf the National Institutes of Health grant no. HL57974.. 

' K ' Z '* 1 TECHNICAt FIELD " V - 



The invention relates to inhibiting production of one br-inore cytokines in liver, 
1 0 inhibiting bile acid mediated repression of cholesterol-7a-hydroxylase (CYP7 A), and 
reducing physiological symptoms 1 or treating pathological disorders 'associated with - i 
r ' overproduction/production of hver cytokineor underexpression/repfession of cholesterol- 
7oi-hydroxylase^(CYP7Ay ^ *« * r • ' - - " "I * 

( r . r , BACKGROUND 



15 



BUe acids, the major metabolites produced from cholesterol, are amphipathic 
steroid detergents^necess^ry for the digestion and absorption of fat soluble nutrients from 
the intestine (Russell, et al., 1992, Biochemistry 31 (£0):4737-4749; Vlahcevic, et al., 
. 1992. In Seminars in Liver Disease. Vol. 12. M v A Rothschild, editor. Thieme Medical 

20 Publishers, New York, Stuttgart, 403-419;JEdwards, et al., 1996. In New comprehensive 
Biochemistry. Vol. 31. D. E. Vance, and I Vance, editors. Elseyier, Amsterdam. 341- 
362). The conversion of cholesterol to bile acids is regulated by the expression of 
cholesterol-hydroxylase (CYP7A1) a cytochrome P450 enzyme unique to the hver 
parenchymal cell (Noshiro, et al., 1990, FEBSLett. 268:137-140; Jelinek, et al., 1990, J 

25 Biol Chem. 265 (i4):8190-8197; Li, et al., 1990, J. Biol Chem., 265: 12012-12019.). Bile 
acid synthesis exhibits negative feedback regulation (Bergstrom, et al., 1958, Acta Physiol 
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Sound* .43 ;.l-7; Shefer, et al., 1969, J. Lipid Res. 10:64^655^7 decreasing the enzymatic 
activity of CYP7 A (Shefer^et &;i§ft6 9 JL^ 

It is generally accepted that bile acids retailing to4te liver via the enterohepatic 
circulation repress the transcription of the CYP7A1 gene (Russell, et al., 1992, 

5 Biochemistry 3 1 (20):4737^4749; VlahcevicC et al. ; 1992. In Seminars in Liver Disease. 
Vol. 12. M. A. Rothschild, editor. Thieme Medical Publishers, New York, Stuttgart,, 403- 
419; Edwards, P. A., and R. A. Davis. 1996. In New comprehensive Biochemistry. Vol. 
31. E. Vance, and J. Vance, editors. Elsevier, Amsterd^ml 3il-362!). Bile acid 
negative feedback repression of CYT7ArhSs beek e^eMientaily demonstrated by 

10 infusing bile acids into bile, fistulae^rats (Pandak>et al., 1991, J. Biol Chem. 266:3416- 
3421) and hamsters (Spady, et al., 1996. J. Biol Chem. 271:18623-18631). The ability of 
different bile acids to repress CYP7A1 correlates with the hydrophobic index of the bile 
- • acid infused: ehenqdeoxycholic acid (CDCA) %a poteHt repressor, whereas 
i: ursodeoxycholic acid (UD.CA) does nqt ; repress,(Heinii^et al., £989,. J. Lipid Res. 

15 30:116.1-1171 j). -Bile addxepi^a^ 

r c - cultured rat ^ 19?3,.*f Biol, Ctem.£68^ and human 

hepatoma HepG2 cells (Crestani, et al., 1994, Biochem BigphysRes Commam, .19% 
(2):546-553; Taniguchiet al., 1994, J. Biol Chem. 269:10071-10078; Makishima, et al., 
1999, Science. 284 (5418):1362-1365), bufribt in a differentiated line of rat hepatoma 

20 L35 cells (Trawick, et al,, 1996, J. Lipid Res. 37:24169-24176; Trawick, J. D., et al., 1997, 
J. Biol Chem. 272:3099-3102). The level of expression of CYP7A1 by L35 cells is 
similar to that of rat liver and it varies in response to essentially all hormones, cytokines, 
and effectors reported to alter CYP7 Al expression in rkt liver, (Trawick, et at, 1 996, J. 
Lipid Res: 37:24169-24176; Trawick, et al., 19^7, J. Biol Chemhi2:3099-3lW. 

25 An inbred mouse strain (C3H/HeJ) has been described that like L35 cells, displays 

resistance to bile acid regression of C?P7A1 (Duelaiid, et al., 1993, J. Lipid Res. 34:923- 
931; Dueland et al., 19'97, J.tipidRes. 38:l445-l453; Machleder, et al., 1997, J Clin 
" Invest ™ f*yi dnfi 1 C^P ^ eJmice are also resistant to diet-induced 

atherosclerosis, whereas C57BL/6 mice are susceptible (Paigen, et al., 1987 \ Proc Natl 

30 : Acad SciUSA. 84 (1 1):3763-3767; Liao, et al., 1993, J Oik Invest 91 (6):2572-2579; 
Liao, et al., 1994, J C/m Invest 94 (2):877-884; Berliner, et aL, 1995, Circulation. 
* 91:2488-2496; Shin, et al.,' 1995, Mot Med today. 1 (8):'364-372)'! Strain specific 
susceptibility to diet-induced atherosclerosis has been linked to hepatic inflammation 
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(Iiao,etal., 1992, J. Clin Invest. 91 (6):2572-25y9; Iiao, eJ_aL, 1994, J Clin Invest. 94 
(2):877-884), repression of CYP7A1 (Dueland, et al.,.1993,. J. Lipid Res. 34^923-931; 
Machleder, et al. v 19^7r/.C/^/"ve5^ 99 (6):1406-1419) and a concpimtant and parallel 
reduction in plasma HDL (puejand,.et al., 1997, 1 Lipid Res, 38:1445-1453; Machleder, 
et.al., 1997, J Clin Invest 99.®; 1406-1419; Shih, et al., 1996, J Clin Invest 97 (7):1630- 
1639). /. n % " 



ho 



. SUMMARY OF THE INVENTION 



10 . The ^present invention provide methods jof inMbiting pioduction of one or more : 

cytokines.by a cell.of the liver., Inpne embQdiment, s method includes, contacting a cell of 
the.liver that expresses a cytokine with an amount of a PPAR7 agonist or agent that 
. . increases expression of PP AR7 sufficient to inhibit production of a cytokine by the cell, 
la various aspects* the cjfolrinp comprises an inflammatory cytokine (e.g., ILrla; n>l ft 
15 TNFa, IFNft IFNtot TGF-j81). In various additional, aspects, the cell is a Kupffer cell, , 
... hepatocyte, bile ductal cell* parenchymal ^ell, ito cell* stellate cell, postal or central vein 
cell, epithelial cell or endothelial cell. In another aspect, the PPAR7 agonist comprises 
rosiglitazone, or an analogue pr derivative thereof. In another aspect, .the PPAR7 agonist 
comprises a thiazplidinedipne (e.g., pioglitazone, darglitazone, fluoroglitazone, 
20 troglitazone, BRL 49653,. ciglitazone, enghtazone,, AD 5075, a salt thereof or an analogue 
or derivative thereof). In still another aspect, the PPAR7 agonist comprises a . , 
. . .prostaglandin, a fatty acid or a metabolite thereof. Methods include.contacting in.yitro, in 
, • vfvaand.exvfvo., . n% • . . :j , . .. . :s ^ ; . 

, : . . « .. Accordingly, the invention also provides methods of inhibiting production, of a 
25 cytokine in the liver of a subject, ip. one embodiment, a method includes administering a 
PPAR7agonist or agent that increases expression of PPAR^to the subject in an amount 
sufficient to, decrease production of one or more cytokines in the liver. Li various aspects, 
. the cytokine comprises an inflammatory cytokine (e.g., IL-la, IL-lj8, TNIfo, IFNff, IFN7 or 
TGF r £l). In another aspect, the PPAR7 agonist comprises rosiglitazone, or an analogue or 
30 . derivative thereof In another aspect, the PPAR7 agonist comprises a thiazolidinedione 
(e.g., pioglitazone, darglitazone, fluoroglitazone, troglitazone, BRL 49653, ciglitazone, 
t% , englitazone, AD. 5075, a,salt thereof or an analogue or derivative ^thereof). In still another 
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aspect, the PPAR7 agonist* cbmprises a prostaglandin, a My staid Or a metabolite thereof. 
Subjects useful in the Methods include a hiiman. 
' ' ' Cytokine production is assbbiated with and causes Various disorders and 

patholbgical conditions. Thus, methods adihtion^y lncludfe inhibiting production of a 
5 cytokine in liver in order to treat the disorder. Atiy ^ disorder in which cytokines play a role 
can therefore be treated by a method of the invention. 

Accordingly, the invention also provides methods of inhibiting liver damage or 
susceptibility to liver dimage caused by ^iro^iuciio^ 'bfVcytoJrine in the liver. The 
invention additionally provides methods of treating or reducing the risk of an 
ltf r kQamWtory cbhdition 6f frerhv6rii?& snftjift The iiethbd^ inciude'adndnistering a 
' PPAR7 agbmk or ageiit that kcreasbs' ei^ieiBibil of PPARt tb^the subjefctin an amount 
suffibient to treat br reduce the risk'of 1he ; ^ of thb liver, or 

administering a PPAR7 agbiiist T or agent tliit ftte^ a subject in 

an "^ount sufflbi^enf' to 
15 * ^fcduc&dn of W^dldne;-%d^ectiVel^ " xc ' ,! ' * /r ^ 

r Inflammatory cbiMtioiis treatable Mclude^iit are not liibited to; alcoholic 5 liver 
disease,' ciiihosis, tylenol pbisbningi'Reye's syridrbmie, abate or cibronic xenobibtic 
' -poisoning, acuteor chroma ?; ' l * 

' f The favbntiori also provides lifethbds of increasing ^etipt e^sibn of cholesterol-7ofr- 
20 hydroxylase or infobitkg tiile^acid mediated rq>resision of dlfP^ a 
method iticliMes contacting axeU' of thVlivW wittf&i aihaunt of ^PPAS.7 agbnisf 
sufficient to incrtiasb CYP7A expression: 1 ih kabtHer embbdierntiV a Method includes 
contacting a cell of the liver with an amount of a PPAR7 agonist sufficient to 1 inhibit bile- 
" ^abicimedi^^ Methbds InfcliidB contacting ih vitro, in vivo and ex 

25 vivo, e-g.^in^asubjectsuch as ahumim. * 1 0 :: * - 1 r • 1 ■ ' " * v ; / r 
Cholesterol production is associated with- antfbauses Various disorders' and 
pathological conditions. Thus, methods additionally inblftde inhibiting or decreasing 
cholesterol TT>T nr ¥T PT , oFmcriasmg tii 'I m r U 1 f teaUfafi jjjs ogdg or redu ce the 
risk or susceptibility to thd disorder. Any disorder in wfiicfr excess or -undesirable 
30 ' cholesterol or decreased HDL play i role cin'therefore be treated or have its risk of 
occurrence reduced by a method of the invention. i: 2 :s - 1 
r Accordingly, the invention provides methods of decreasing low density lipoprotein 
(LDL), VLDL or cholesterol in a subject. In one embodiment, a method includes 
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administering a PPARy agonist or agent that iDcreases. expression of PPAR7 to the subject 
in an amount sufficients decrease.low density lipoprotein (LDL), VLDL or cholesterol. 
. In one aspect, the PPA^agoiiist comprises rosiglitazone or an analogue or derivative 
thereof. In another ,aspect ? the PPAR7 agonist comprises a thiazolidinedione (e.g.„ ; 
5 ( , pioglitazone, darg#tazone v BRL 49653, ciglitazone, 

englitazone, AD 5075, a salt thereof or an,analogue or derivative thereof). In yet another 
aspect, the PPAR7 agonist comprises a prostaglandin, a fatty acid or a metabolite thereof 
Subjects useful in the methods include a.human. ; , ^ . l: 

The invention also, provides methods of increasing^high density lipoprotein (HDL) 
10 in a subject. In one embodiment, a method includes administering r 
-agent that increases exprasipn of PPARytp the subject in an amount sufficient to increase 
high density hpoprotem r (HI)L) 7 In one aspect, .the PP AR7 agopist comprises rosiglitazone 
or an analogue or derivative thereof. In another aspect^ th^PPARy agonist comprises a 
. ; r, thiazolidinedione (e.g., piqghtazone, darglitazone, fluoro^itazpne, troglitazone, BRL 
15. 49653, ciglitazone, englitazone, AD 5075, a salt thereof or an analogue or derivative t < 
thereof). In yet another aspect, the PPAR7 agonist comprises a prostaglandin, a fatty acid 
or a metabolite thereof, ~ ; : : . «. - r . - , , 

... Specific disorder associated with undesirable or excess levels of cholesterol, LDL 
or VLDLj-pr reduced levels .of HDL cholesterol include aterosclerotic lesions leading to 
20 aiAerpsclo:psis, ( GoronMy heart disease, -cardiac ischemia, stroke, or hypertension, 
• peripheral vascular disease: or 5 dj«lipidemia. , . > l t ; r . .. 

, , . ■ r Thus,^ the invention provid es methods of reducing atherosclerosis or coronary 
. , . heart disease, pr susceptibility to atherosclerosis ;or coronary heart disease in a : subject 

having or at risk of having artherosclerosis or coronary heart disease. The invention also 
25 provides methods of reducing the risk of heart attack or angina in a subject In various 
embodiments, a method includes administering a PPAR7 agonist or agent that increases 
. . . expression of PPAR7 to the subject in an amount sufficient to reduce artherosclerosis or 
■ .. ... coronary heart disease, or susceptibility to artherosclerosis or coronary, heart disease, or 

administering a PPAR7 agonist or agent that increases expression of PPARy to the subject 
30 in an amount sufficient to decrease the risk of heart attack or angina, respectively, j 
PPAR7 antagonists or agents decreasing expression of PPAR7 can be used to 
increase production of a cytokine in a cell of the liver. Thus, the invention provides 
^ . . methods of increasing production of a cytokine in a cell of the liver; In one embodiment, a 
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" mfethod includes contacting a cfell of the liver that expresses cytokine with a sufficient 
amditot of arPP AR7 antagonist or an'lagent that deceases expression of PPAR7 to increase 
production of the cytdlone tiy Oliver cell. In various «^6cfe; tiie cytokine comprises an 
infl^inmatory r cytoldiie (e.g., tlA% II>lftT*}Fc£ IF^ff 6f TGF-^l). In additional 
5 aspects;, 1 thb liver cell is a Kupfief cell or fiepatocyte.' Methods hcimle con&ctihg in vitro, 
°'mvzW^ ; ---^ 

w : - ;; ; ' PPAR7 antagonists or agerite decreasing e^ession- of PPAlfy can tie-used to 
decrease cholesterol-7c^hydroxylase (CYP7X)^Xpi:es^i6n or increase^ile icid mediated 
repression t)f CYP7A! T&u$, the iaventidri proVides iriethdds of decreasing CYP7A 
1 0 r 'expression and iicreasing^bile iacid inediat'ed ¥e^ressibn'ot CYP7A. -In otfe eriabodiment,' a 
i0f inetiitfd includes coiitactrflg a cell of tfaV liver wrtfc an amcriint of a PPAR7 antagonist 
<:n suf5ci^itb~decr6ase^CYP7A expression^ the cell, in various 'aspects- the cell i^ a 
"^Kupfe c^ll/Hepatecyte, bile dnctaTcell, parent&ymal cfefl^itdtsell; stellate cell; portal or 
J central vein'cell* epithelial ceU ofenftbfaieliai ci^: '^]^e&l{d&i2icliii3e cbtiitacfixis- in vitro, in 
15 ( 'Ww and iex v*v#- e.g.; in a subject* siidh a» a'liianaQ; sr:o: ' ;;:; ' ^ ° ' ' 
\; -3 t: : additio:h,x^^ 
invention further provides methods of inhibiting bile acid production by increasing 
' s .... ^prtiductibtfof'a cytokine: In die embodiment, amethd&^cludes contacting a cell of the 
: - ' - liver with an amoiint of k PPAR7 aiitagortiSlf bran a§jent r that decreases expression of 
20 PPAR7, or a eytbkme in an amount sufficient to inhibit bile acid production' In various 
aspects, the cytokine comprises an iiiflamiMtor/t^olane (e. s g., : IL^ta, IL-lft TNEo; IFNfr 
" WNyovTGF^l)/ M additibnd aspects! 
Methods include contacting in vitro, in vfvolandec vivoi 'Qtg^ in a subject such* as a human. 

25 - DESCRiPTlbN OF DRAWINGS - r 

... .-5. .■ _ 0. " m t..- .? :r>d •.. Aw .... au:.:- . ' ^j- 

Figure 1 shows-that abile acid-containing. atherogenic diet decreases CYP7A1 
: — ' mPTTA* r 1 rrf""ri n n n TH T^n^mfift hepatic, cy t okine mRNA expression in €57BL/6 mice but 
' c riot in €31*01161 mice/ C57BL/6J and G3H/HeJ mice were fed Abrmal chow or bile acid- 
30 containing 1 atherogenic diet and ; hverRNA expression deterriiiiiedfor (A)CYP7A1 and 
GAPDH and (B) the indicated cytokine. 1 

Figure 2 shows that expression of cytokine inRNAs by TBDP-1 cells correlates with 
the ability of conditioned medium to repress CYP7 Al mRNA expression by rat hepatoma 
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L35 cells. (A) CDCA requires THP-1 cells in order to rep^e^,CYP7Al expression by 
L35 cells; (B) CDCA but not UDCA induces the expression of cytokine mRNA by THP- 1 
cells via a process that is blocked by the PPARy agonist rosiglitazone. THP4 cells, treated 
with 0.1% BSA(lanes^ & 5), 0.1% BSA containing 100 /iM CDCA (lanes 2 & 6), 0.1% 
BSA containing 100 ./xM UDCA ( (lanes 3 & 7) or 0.1% BSA containing 100 /iM CDCA 
and 500 nM rosiglitazone (lanes 4 & 8); (C) PPARy agonist rosiglitazone blocks CDCA 
induced production by THP-1 cells of conditioned medium which represses the expression 
of CYP7A1 mRNA by 135 cells: Values represent the ijiean of duplicate plates of cells; 
(D) TNFa. represses expression of CYP7A1 mRNA by L35 cells. Human TNFa 
concentrations are indicate4;-and each mRNA value represents the level of CYP7A mRNA 
to |S-ac1inniRNA as the mean;-± S.Q of three replicate plates of cells. - : - -= • 

Figure 3 shows that CDCA inactivates LXR transcription vphile ^activating FXR 
transcription. L35 cells transientiy-transfected with either a (A) FXR-luciferase reporter or 
(B) aLXR-luciferase reporter; with acGMV-driven expression plasinid encoding FXR or 
JLXR, as indicated. CDGA^was;added where indicated and relative Juciferase activity is : 
presented as the mean ± SJD.of three replicate plates; of cells^as the ordinate in a log form. 

^Figure. 4 shows that (PPARYagonist rosightazone blocks repression of CYP7A1 
mRNA as well as, the decrease in HDL cholesterol inanimals caused by. bile acids. (A) 
The relative content of rat CYP7A1 mRNA compared to GAPDBdn female CS7BL/6J 
. mice fed eitheacho^ or the bile acid-containing atherogenic diet;(B) PlasmafiDL 
cholesterol levels were determined from blood obtained<from the mice. Each value 
represents the mean±S.D of six .separate rnice^ ^Denotes a significant difference between 
. the values for theirosiglitazone treated chow-fed mice and the rosiglitazone mice fed the 
bile acid-containing atherogenic. diet, pO.Ol. :r .'■ . /V ; » 

Figure 5 shows (A) hepatic expression of CYP7AI transgene mRNA (stippled . 
bars) and non-transgenic control mice (open bars) fed chow or a <6 high-faf * diet containing 
taurocholate; (B) CYP7AL enzyme;activity in hepatic microsomes; The mean± SD of the 
relative levels of expression of hepatic CYP7A1 mRNA relative to GAPDH is shown for 5 
mice in each diet group. The activity of CYP7Al*-was determined using hepatic 
microsomes obtained from 5 mice in each diet group and is expressed as the mean ± SD. 
The differences between CYP7A1 and non-transgenic littermates were statistically 
significant, pO.01. - * 
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* l ''" Figure 6 shows plasma (A) VLDL, IDLand LDLMolesterol levels and (B) HDL 
cholesterol levels in CYP7A1 .transgaiic and noiMransgemfc ihice (6 per groiip) fed a 

: J chow or high fat diet. Assays were done in quadruplicate Indifferences between 
CYP7A1 and non^traiiggenitf littenhates were statistically significant, p<0.01 . 

5 ; ; Figure 7 shows that CYP7A1 transgerie ; egression prevents 'artherbsclerotic 

- 'lesions in the'adrtic sintisbfihick >. - ^ ^ r: - '-.v 1 




DETAILED DESCRIPTION OF THE INVENTION 1 



10 -' : * The invention ist Based, in part; dn the ifiscotery of the relationship between hile 
acids and cytokine production in the liverP Excess bile v a£id' production' increases 
' expression of liver cytokines; The4nventi6n-is als6 bas£d^ in part, on the discovery of the 
: ^' relationship between cytokiii^bduCjtion in lif et and t^golatf on 6f cholesterol-7c*- 
- ' hydrokylase (CYP7A) eSpressioii. Liver cytokines decrease expression o r FCYP7A. 
15 '< Peroxisbme proliferator activated-7 receptor (PPAR#¥egulates &ese processes, tiiat is,. . 
?- r rt PPAR7 agonists decrease production oflone or nadre cytokines in the liver and inhibit 
- repression of CYP7A-expression. . Thus, compounds that increase or stimulate PPAR7 
i * expressionXtranscription or translation) of activity; such as agents or proteins that increase 
t or stimtdate PPAR7 expression, or ligaads fliatiincrejaise or ^stimulate PPAR7«activity (i.e., 
20 agonists), are useful for inhibiting or preventing productibnof ^one or more cytokines in 
livtfr, increasing expression of CYP7A.br inhibiting or preventing irepre&sion:of CYP7A 
s mediated by bile acids: Compounds that inhibit or prevent PPAR7 expression or activity, 
such as agents or proteins that inhibit PPAR7?expression,;or,hgands that reduce or block 
PPAR7 activity (i.e., antagonists), are useful fordncieafiing or stimulating production of 
25 - one or more cytokines in liver, for decreasing CXP7A expression ODforTncreasing or 

stimulating bile acidanediated repression of GYP7 A* expression. Such PPAR7 expression 
. . or activity stimulating and inhibiting compounds are^additiohally useful in therapeutic 
| ... w ^n r nin nnrinHiTig trft^tiTig fl ^ ibiect in order .toJaihibit: orincreas e cytokine production, or 
inhibitor increase CYP7 A expressions ; a'i .; 

30 - ; . Thus* in accordance with the invention, there are provided methods of inhibiting, 
reducing or preventing production of one.or more cytokines in,a cell of the liver. In one 
embodiment, a method includes contacting a cell of the liver that expresses or is capable 
of expressing a cytokine with an amount of a PPAR7 agonist sufficient to inhibit 
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production of a cytpkine^by tiie cell. In one aspect, the.cjtokine is an inflammatory 
cytokine, e.g., IL-lc$ II^Aft-TNFa, IFNft IFN7 or TGE jSl . Li.another.aspect, thexell of 
the liver is a Kupffer cell or hepatocyte. In yet another aspect, the PPAR? a S9°^ 
comprises a thiazphdinedionq, such as rosigjitazone, pioglitazone, darglitazone,; 
5 fluproglitazone, troghta^one, BRL 49653 , cightazone, englitazone, AD 5075, a salt 
thereof or an^ai^alogue or derivative thereof. In additional aspects,, a method includes 
contacting in .vitro, inviyo.(p.g y m. a subj^tsucha? a human) or £x vivo. , 

In accordance with-the inventiqnytiiere are also prpvidgd methods for increasing 
. L CYP7A expression and &r inhibiting or preventing bile acid mediated repression of 
1 0 GYP7A expression, hi one. en^odimept, a method includes contacting a cell- of the liv^r 
.with ap amount of a PPARy agpnist .sufficient to increase 9hole^CTplr7Q!-hydroxylase 
, ,{CYP7A) expression. In another embodiment, a method of the invention includes 

contacting a cell of the liver with an .amount of a PPAR7 agonist sufficient to reduce bile- 
. acid mediated cholesterpL-r^ot-hydroxylase, (CYP7 A) repression by the .cell. In one aspect, 
15 the cell of the liver is aKupfferjCellprhepatocyte. Inanother, aspect, the PPARryagonist 
comprises, a thiazolidinedione, such as rpsightazqne, pioglitazone, darglitazone, . , 
Quproglitazpne, tpglitazpne, BRL 49653, ciglitazone, englitazone, AD, 5075, a salt 
thereof or an analogue, pr , derivative thereof. In yet other aspects, a method includes 
contacting in vitrp, vivo (e.g., in a.subj ect such as a hunaan) or epc vivo. 
20 Asusedhereii^ the term^ 

response, either increasing (e.g.,jbimiune stimulating) or decreasing (e.g., immune 
. . . tpleri^g) ramiun^ 

either cell mediated immunity (e.g., regulating cell chemptaxis, proliferation, . 
differentiation, activity, secre^on of other molecules such as cytokines, etc.), or humoral 
25 immunity (increasing antibody production). t An "inflammatory cytokine-" mediates or 
contributes to an immune response that directly or,indirectly cgms t es localized (e.g., a 
. tissue, organ or region of a subject) or systqmic (hypersensitivity, anaphylaxis) 
inflammation. Specific examples of cytokines include, but are not limited to, interleukins, 
. , such as n^l^IL-lft IL-2 through IL-23; interferons, such a&IFNa; IFNjS, IFNy, and 
30 TNFaandTGF 01. , 

The finding that a PPARy agonist inhibits activationof various liver cytokines 
indicates that a cell of the liver contains one or more factors that respond to a PPAR7 
agonist, such as PPAR7, and also is capable of expressing one or more cytokines. As used 
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herein, the term "cell of the liver 5 * means a cell that nbnnaity resides within the tissue 
' ericompassed by the liver capsule. Liver cells therefore include^ for example, hepatocytes, 
parenchymal cells, ito cells, stellate cells, bile duct cells, epittfelial cells and endothelial 
cells, as well'as Kupffer cells, which are macrophages/monbc^es that reside in tita liver. 
5 Stem cells and progenitor cells ifi the liver are alsb included in tfie meaning of the term. A 
• "stem cfelT-or "progenitor cell" aiieahs a cell that ban give rise to phendtypically and 
genotypically identical daughters br differentiate into one or more different cfell types 
£ ' u including a filial cell type (e.g.^ a tenninally differ eritiaited cell) J " : ; : r 

: : r ^ gell of the liver therefore does not include pmpheral liionbcytes or macrophages 
10 1 circulating in the blood stream 1 . Unlike peripheral macrophages/mbnocyfes which are 
5 " 4 ^laced within about three months 1 in the circulation, replacement bf Kupffer ceils occurs 
veryslowly; m one study after one year, only '50°^ of t£ie cells Mi been replaced from the 
v -bone marrow (Kenrfedy/et^ • >' 1 

• ft 5 * » " • : Gells of the liver thereforelnclude cells that expfessa cytokine brare capable of 
f5 '^expressing a cytokme^in a 'fashion tegidateblg by iPPAR'jf agbnist even if the cell lineage 
is distinct from the immune system. For example, h^atb'cytes;%^ 
epithelial cells, central Vein cells and endothelial cells all have been reported to produce 
TNFol A cell that may not be actively expressing a cytokfoe tiiider certain conditions but 
does express a cytokin^ whose expression is influenced by a PPARYaigoni&is also 
20 included as preventing or inhibiting production of a cytokine by these "cdls is useful in' the 
methods of the invention. Cells that express cytokines can tte identified by fractionating 
liver cells and analyzing forthepresence of fcytbfcmesV For example, fluorescent activated 
cell sorting (FACS) can separate different cell types and RNA or pfotein ironitfte 
differentially sorted cells can be extracted and analyzed for cytokine expression using 
25 northern blotting, western blotting immuhoprecipitation, btc. 

As used herfcin, the term "PEAkY agonist" means a molecule^ 
prevents production of one or more cytokines, increases CYP7A expression, of inhibits or 

" ^MOH i UuTiilp. .u.ii ' l rnnrh'ntnri rnprpcgirm r\'f PVP7 fi ft pf ession. A 'TP ART antagonist" 

J means a molecule that increases br stimulates production of a cytokine, decreases CYP7A 
30 expression, or increases bile acid mediated repression of CYF7 A expression. Agonists 
and antajgonists can essentially be any organic br inorganic molecule having the requisite 
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.activity... pxen^laiy^fgrm^. include„smaU T orgamc molecules, such as fatty acids, lipids, 
triglycerides, parbohydr^tes or. sugars, proteip, nucleic acid and metabolites thereof 

_ Although.it is believed that a PPAR7 agonist pr antagonist effects its cytokine 
production aniCYPJA.express^on regulatory to 
5 .-, of PPAR7, respectively, it is possible that a PPAR7 agonist or antagonist may act through 
, an effectorjnolecule distinct from orin. addition to..PPARy to regulate cytokine production 
or CYP7A expression. Accordingly, t£e invention methods do not preclude PPAR7 
agonists and antagonists that act entirely <j>r in part, .with one or more effector molecules 
distinct fromJ^AItyto mp^ulate cytokine production or CYP7A expression. 
1 0 ,.^EE Alty^gonists include natural.compounds present in the in vivo environment and 
..synthetic compounds, such as .drugs. Specific examples, of natural compounds include 

fatty, acids and fatty acid metabolites, eicos^noids and prostaglandins, such as 
; prostaglandin h-(PGh) or prostaglandin D 2 (PGD 2 ) r Specific examples of fatty acid 
metabolites, include fatty acids modified by oxygenase enzymes, for example, JJ-oxidized 
o 15 forms of fetty acid. .Specific examples r of synthetic compounds include drugs, used to treat 
* ' diabetes, which include, for. example, thiazolidinediones. Specific examples of 
K .thiazolidinediones are pjoglitazone, dacglitazone, fluoroglitazone, tfoglitazone, BRL 
49653, ciglitazone, englitazone^AD $075 and Rezulin. , These are but a few specific 
examples of PPAR7 agonists, applicable in the methods of the invention. Additional 
20 : agonists, and antagonists are known in the art, or can be identified by screening test 

compounds for agonist or antagonist, activity using PPAR7activity assays disclosed herein 
or known in the art. , % 1 v » ( . „ >r 

j , PP,AR7 agonists and antagonists, also include analogues or derivatives. t As used 
herein, the term "analogue" means a structurally similar molecule that has at least part of 
. 25 the function of , the comparison molecule. In other words, the analogue would still retain at 

least a part of the activity of the comparison molecule. Thus, an analogue of.a PPAR7 
, . . agonist would be a structurally similar molecule that increases or stimulates PPAR7 
, activity. An example of a rqsiglitazone analogue is a molecule, with the sgme number of 
carbons in the backbone,, biit has one or more side chains removed, replaced or otherwise 
30 altered, e.g., an alcohol converted to an enol group, a methyl converted to an ethyl group, 
or vice versa, etc. A particular example of aprostaglandin,analogue is prostaglandin h 
. (PGJ 2 ) analogs (e.g., ^-prostaglandin J 2 and 15-deoxy-A 12, ^-prostaglandin J 2 ). 
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: AsifeedKerein,th^ 
is^&e molecule is chemibally br otherwise* modified in cotfl^&son to the original' form. 
r Again, the derivative would stilt retain at least apart 6f fiigMvi^of the unmodified 
molecule. Thus, a derivative* of a r PPAR7 agonist wdidSWa tnbdified form of an agonist 
5 j molecule that increases or' stimulates PPARy activity. Particular examples of derivatives 
: : include fibric add derivatives ofPGJ 2 : > thtfe^ PP&R7 agonists and mtagdmsts ? include 
analogues or derivatives of rosiglitaione, 'piogiffazoiel darglltazodfe, flubroglitazone, 
txoglitazone, BR£"49653, diglitazone, enghtazioke, : AD '5075 and R<bnrim. : " iu 
* PPAR7 agonists arid antagonists ^isb inclu&e 
i0 ' r &at bind to and modulate a PPA&7 activity. For T ek^ thereof 
^"specifically binds to TPi^lig^d binding dbM^ii^ 

binding of Kgand agonist andi, therefore, inhibit a PPA^V^tivity. Alfernatively, antibody 
' binding may stimulate a PPAR.7 activity befcatiMtie aaSbody immics a ligand agonist or 
" * induces a conf&imational bhan^ifi ^PPMYthat stiB^ltes a>PAR7 activity. • Thus, a 
~ 15 ; ' proteui, polypeptide br peptide iftat Binds aiidmcreases activity (an agonist) can 

be used WiiiMbit b^ftbkinS^ mediated depression of CYP7A 

" expression; arift a protem, polypeptide orVeptide tfcaf 8ihds toPPARfadil decreases 
,; ^tivity (an antagonist) can Wuseid to increase or s^tilate cytolriniprddu&on or 
fodfe&fe bfle ^id mc^atedYeplfeskion 6f CYPf A-^q^essi6n- r ^ :! " c ^ i jy - 
20 * : 1 PPAR^dgomsts afid antagom v • 

' functionally distinct entities Mt confer a fiinctibnbr atfcvity} As iisisd herein, the term 
"heterologous functional moiety" means a an entity that imparts a distinct at ' 
' ' complementlaiy activity upon another entity when linkdd br doilt)ined-with the other 
' " " entity. H6terold^olis functional moieties therefore Include entities that confer cell (e.g. 
25 U^ct cell) fkgeting, facilitsttefe cell entryof t&e moleciftebr confers regulation of PPAR7 
activity or hk£ PPAR7 agonist br antagonist totlvity. : r " J J ' 

" Particular examples heterologous factional moieties includ'e proteins or small 

organic m olecules. SpBCiJlc bxamplcs'tif targeting inol e ouleo-inclndp an antibody or 

ligand to a cell surface? protein, & natural of engineered vial proteurthat binds to a cell 
30 surface receptor (e.g.; a tetroViral protein such as HIV tat protein); or a tissue or organ 
' hbining molecule (e^:, t Heterologdus ifunction^ moieties that complement PPAR7 
agonist or antagonist function include drugs or proteins that modulate cytokine production. 
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A specific example <rf such a combination is., a PPAR7 antagonist and acytokine antisense 
which together inhibiHytokin^ production in a cellv . . * y ? r 

As disclosed:herei^ ( PPAR7 activity can regulate cytokine production in liver and 
modulate bile 4cid mediated repression of CYP7A expression. .Thus, increasing or 
5 decreasing expression of PPAR7 can bemused to inhibit or increase or decreases cytokine 
•. production in liver, respectively, or inhibit or increase bile acid -mediated repression of 
CYP7A L expfession, respectively; : . - 

.- Thus, in accordance^vith the inyention, .also provided are methodspf inhibiting or 
increasing production of ons or more cytokines in a-cell of the liver, methods for - 
1 0 increasing expression pf GYP7A expression and methods for inhibiting bile aci4 mediated 

- repression of OYPJ7A expression by modulating: expression of PPAR7. In one 

•-, * embodiment, a method includes contacting a.cell of the^liyer that expresses or is.capable 
v- of expressing a cytokine with a sufficient amount of an agent that increases PPAR7 
, * expression to inhibit production of a cytokine.by. the cell.. In another embodiment/a 
15 r method includes contacting a cell of the liver with a sufficient amount of an agent that ? m 
* increases PPAR7 expression to inhibit bile acid mediated repression of CYP7A ; : 
expression. In other - embodiments,, a method includes contacting a cell of the liver with a 
sufficient amount of an agent that decreases PPAR7 expression to increase or stimulate 
.production of acytokine by. the cell, or bile acid mediated repression of CYP7A 
20 expression;, i ; . -,\ t z. ") *. ■ , , 1. \. ;/ .y*. »■ • \; 

, „<. .Cell-culture assays using a EPAJfcy responsive reporter, gene can.be,use£ to identify 

- PPAR7 activity and, therefore, a PPAR7 agonist or antagonist. PPAR7 expression levels 
- • : and, therefore, ^creases or decrease in PJ> AR7 expression can be detected using assays 

well known in the art deluding, for example, northern blotting, western blotting,, 
25 . : immunoprecipitation,etc. ^ . : - r 1: - v 

■ Cytokine production has been associated with acute or chronic, liver infl ^myn s^fm^ 
which can lead to tissue,damage in animals. For example, liver insult by a toxin or 
. pathogen can lead to inflammation due, at least in part, to production of cytokines. As 
disclosed herein, bile acids stimulate cytokine production hr liver of animals, e.g., IL-la, 
30 IL-1 & TNFq; IFNft IFN7 or TGF-£1 and a PPAR7 agonist such as rosiglitazone inhibits 
production of cytokines. The invention methods, including methods of decreasing or 
preventing production of a cytokine in a cell of the liver, are therefore applicable in animal 
subjects, including humans. For example, the methods are useful for inhibiting liver 
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iWflaTiVmatiori of damage>or reducing susceptibility to liT^jtifTatnrnation or damage, 
caused entirely, or at least in part, by production of Me or Wri&i fcytoMnes-in the liver. 
? TKu£, r in' ac^brdanfc© with the invention, there^e^vi^d-fiiethods of inhibiting 

production of a cytokine in the liver of subj ect In otte tobodimeat^a method includes 
5 - administering a PBAR7 agonist t& the subject itt an airountf sufficients decrease 

' production 1 df one or more cytoldileg in4h0ttVfer df the subject 1 la tffle aspect, a method 1 

includes administering a PPARy agonist to a subject in 3n amdunt sufficient to ifihibit liver 
. damage or scfebeptibility to liver damage; M another aspect, a method includes 

adritiiristeriilg a PPAR^agoidst to-tha subjfcfct in aff amount' sufficient to treat or reduce the 
10 * - ri^k iof an inflammatory condition of the liver/ In specific aspects, the; jnflflmmatory 

condition of the hvercompttse§~alcpholic liver disfea^fcitrhosi^ Reye's syndrome; acute 
— orchronic toxin'exposurei(eigi, xenobiotic chemical poisoning such as drugs. like tylenol 
dr^chenodeoxj^holi^acidi or^gs-used ifc otgah 6r tissue transplants; substances present 
in' the ^ ebvfifonifient such as.i:arboh tetrachloride, carbon dSchloride md chlcffofonn, etc.), 
15 acute or chronic hepatrtis>(e.g;, hepatitis A to E) exposur^jand cholestatic Uver disease. In 
additional aspects, axondition of the liyeflcomprises jaundice, fatty Ti^ 
;*.■•. ' disease^el.g., transplanted liver rejection/), necrqsis and hypertension (e.g.,*portaL 
./hypertension)., t r: t. /i. ;.*?. 4 <• '-'-~§ ft :() ' c ^ 5 • 

Trauma associated with Uver^ecfion removal: cajises:.tte liver -to produce one or 
20 more cytokines, which can lead to damage or inflammation of the transplantedliver. v 
' Cytokine production, in particularcTNFaC^s 'therefore : hkejyto occu^wKen liver sections 
are removed, such as for a biopsy or sufgic^>feSection ofift cancer* Thud; in accordance 
with the invention, there are provided methods of inhibiting cytokinerprbduction in liver of 
subjectin which traum& to the Uver occurs due to liyer temoval: - # At : : - .!• 
25 In addition, a transplanted liver may exhibit increaised production of cytokines due 

to trauma associated with the removkl arid transplantatiori'of the organabd liver hypoxia. 
Cytokine production by ^transplanted Mver may promote liver rejectiondue to - 

Btimtflnfinn rtf gnfrjfrt'K immun e response. Thug> toaccordaiice w ith the invention, 

' there are provided methods of inhibiting cytokine production in a transplanted liver of 
30 - subj ect in order to reduce or inhibit immune response or rej ection of the transplanted liver. 
In one embodiment, a method includes administering a PPAR7 agonist to the subject in an 
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amount sufficient tq.decjease cytokine production in order to.decrease or prevent .an 
immune response directed against the transplanted liver. . v r ; , . r ., 

r /As used ^herein* ttt^t? 1 ? 1 ''transplant," 'transplantation" and grammatical variations 
thereof means a ceU^ tissue ororgan used in-grafting, implanting, or transplanting &om 
one part of the.body to another pprt, or from qne individual to another individual. The 
term also includes genetically paodified cells tissue and organs, e.g., by ex vivo gene 
therapy. Additionally, transfer of a . tissue from one part of the body to another, or the 
transfer of tissue from one individual to another also is included. - , . ... , -u 

Furthermore, a subjects' liver may also produce cytokines that participate in the 
rejection of another tissue,trai^la^edmtO;the host, such as heart, lung, kidney, blood 
. vessels, etc. Thus, in accordance ^vith the myention, ^so^provided are methods, of 
inhibiting production -of a cytokine in liver of subject in order to inhibit rejection.of a 
transplanted tissue or organ in the subject w : 

, ; / Excess plas^ cholesterol, is associated . - 

-artherpsclerosis, causing ^asoc^nstriction of blood v^sels levels .thCTebyreslncting blood 
flow to organs, such as the heart rPlasjmta cholesterol in excess of 200 mg/mlis , 4 
considered a risk factor for developing coronary heart disease, and increasing the risk of 
stroke. . Egression of GYP7A is importantibr metabolizing cholesterol into bile acids for 
elimmatiqn,w^ f . - :( \ 

Jks^ disclosed herein, a P^PARy agonist also inhibit^bile acid mediated repression of 
CyP7A expression in liver .of animus. ^API^AR^ agonist additionally increases HDL 
.levels in animals (see, e.g., Example 4).. The increase isHDLis likely due, at least in part, 
to the decease in plasma LDL-cholesterol which in turn is caused, at least in part, by 
, increased-CXP7A expression. r As disclosed herein, decreased expression of CYP7A is 
r associated with, development of ^^^artheroscleroticjleision formation and a PPARy agonist ; 

such as josiglitazone prevents or inhibits artherosclerptic lesion formation presumably due 
, to. increased CYP7A expression leading to decreased levels~of DDL or increased levels of 
: HDL alone, ,pr in combination, Thus, a PPARy antagonist is useful for inhibiting, bile acid 
mediated repression of CYB7A expression, for increasing CYP7 Agression, fq£ 
reducing LDL-cholesterol, for increasing levels of HDL and for decreasing or;inbibiting 
formation atherosclerotic lesions in animal subjects,: including humans. 

In accordance with the invention, there are provided. methods of increasing CYP7A 
• expression, methods of inhibiting bile J acid mediated repression of CYP7A expression, 
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methods of reducingTJ3L-cto of incrie^iiig 1 HDL levels ami methods of 

decreasing or inhibiting formation aterosclerotic leisidns- 'including methods of treating 
1 disorders resulting from of at increased risk of form^ti6n ; 2bffli^rdscWotic lesions. In the 
1 various methods, ^method indudes adminisferin^ a-PPARy agoriiist to the subject in an 
5 " ' ' amount sufficient to increase C YP7A expression in the subject, to inhibit or decrease bile 
aciid mediated repression of CYP7A expression in the liver; or to reduce LDL^cholesterol 
levels in the §ribject. v In still another eii&bdimerit^a method includes Sdininistering a 
PPAR? agonist to thb f subject in ian amount sufficient increase HDL levelsin the 
>!1 ^ect/ :! < r - ::: - • • '•■ ' ^ .. .j. -* 

10 - ; c - <* Ih a'Jurther'einbodMen^ a'method'iiiefcdes adriiiiusteririg a PPAR7 agomst to the 
Object in an aihouht sufiBcienMecrease of inhibit* fbnnatibri artfterosclerotiff lesions, or 
reduce the'rislcbf arth^rbscIerosiS: - in brie aspect df this 'eriibodiment, the rate of 1 
artherosclerotic lesion formation is decreased 1 slovftecFever timelWah additional aspect 
the severity bf sfiftherosclerosisis de&eas^tfr slowed o^ time. -The presence and 
I5 i0 ^severity of arfheroielerosis arid lesiiori'forriiation angidgram, 

wlrichi detect^ 'chang^fin vessel lumen tlSekness by^igedfihg a visualizing agent, such as a 
•*> -i'-dye, iiito the vessel. ! " ov v, v:A >: u. - v* 

v toii : .- * in yet a fiirthenembodmerit, & method iriclMes £(iministering a PPAR7 agonist to 
the subject in an amburit-suffieierit to teducfe artherbscl6rbsis or coronary hfeart disease, or 
°20 : "' susceptibility to? artheroscierosis or cdtonar^ heart disease in "a subject having or at risk- of 
having-Mhefosclerosis or coronary heart'disease. 1 In still another embodiment, a method 
- includes adnnmkeririg a PPAR7 agonist' to fflie subject h#an aihourit sufficientto reduce 
' the'risk of -heart attack of 'angina in tiie subject 7 " r; ' t+ 

" "■• - PPAR7 > agonists usgftfl in'tKese arid thd other ihefh&ds disclosed hereii£ include, but 
25 are riot lfaiited to, for example^a thiazolidinedidne such as fosiglita^bne' pieglitazbne, - 

« d&rglitazond, flUoro^itazota'e, troglitazonej BRL 49653,' ciglitazone, : eriglitazbne r AD 
■ * - #> 5075 £ Retullo, and salts, analogues* and derivatives thereof* Additional PPAR7 agonists 
- - immim 4n fViP ortw appli c able in the methods bf the invention an d include, for example, 

fatty acids, prostaglandins, 'such as prostaglandin h arid prostaglaridiii Da; analogues, 
30 derivatives and-metabohtes thereof. " • ~ 

The methods of the invention for treating a subject are apphcable for prophylaxis 
to prevent a condition in a subject. For Example, preventing or inhibiting cytokine 
■ productibn in a subject that does not-exhibit symptoms of liver inflammation or tissue 
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• vdamage caused by or associated with liver damage, or preventing or inhibiting excess 
cholesterol Revels in a.^ubject that do not yet exhibit increased;^ The 
methods of th&mventiqn^o can follow, precede or be used in combination with other 
therapies including, for example, therapies for reducing liyer inflammation (e.g., - t 
5 coiticosteroid treatment) or infection (e.g., antivirals to treat hepatitis); reducing 

cholesterol (e.g., drug therapy such as lipitor) or triglycerides (e.g.,. drug therapy : such as 
.rgymfibrizpl) or reducijag artherosclerosis (e.g., angioplasty or bypass surgery), surgical 
resection* transplantation,fradiotiierapy, etc. The skilled artisan- canjeadHy ascertain 
v therapies that may be used in a therapeutic regimen in combination with the-methqds of 
10 the invention. v . (j _ f . . >r _ : . .1: : \ h 

A3 used herein, the term "subject" means an animal which expressxytokines or 
- CYP7A,- or bUe acid mediated repressiqn.of CYP7A expression. Typically, the animal is a 
jt t mammal, however, any animal which express cytokines or CYP^A^pr repression^ 
. CYP7A expression caused by bile acids is included, particular examples of mammals 
IS include humans and non-human primates, (apes, macaques, chimpanzees, orangutans, etc.); 
domesticated animals such as 4 dqgs and cast; livestock such as cows, goats, sheep, pigs, 
r horses;; and laboratory.animals such as rodents ,(e.g.; mice.and rats), guinea pigs, and 

rabbits-;. ty v; -» . ; . * , c .; v ; ' 5' *; j 

j ^ , SiAjects treatable with the methods of the invent 
20 v&eatmentdue to ^^orm^ or;. undesirable liva: : cytokine production or decreased^ r 
. ^insufficient CYP7A expression. Such, subjects may suffer from a physiological condition 

or pathological disorder in which treatment with a method of the invention can be 
j beneficial. For example, a subject suffering from liver inflammation caused by a liver 
, r_ insult such a.s hepatitis or a toxin, such as alcohol poisoning is a candidate subject. 
25 r . * Similarly, a subject having elevated LDL-cholesterol (e.g., for human males; greater tha^ 
, about 2t00 mg/ml) or decreased HDL (e.g.,, less than about 35 mg/ml) is a candidate 
.. subject for treatment. , . v> * s , : .< y.;- \ 

) . . .Subj ects treatable with the methods of the invention also ^include those that do not 
exhibit abnormal or undesirable liver cytokine production^ decreased or insufficient 
30 CYP7A expression. However, preventing or inhibiting liver cytokine production or 

increasing CYP7A expression may be desired in such subjects. For, example, a subject at 
risk of an insult to the liver, such asexposure to^hepatitis or a toxin>or acute alcohol 
poisoning can be treated prior to.exposure to the insult in order to decrease or prevent 
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inflammatioh oausdd b^cytokme-prod^tibn following 6^ : 6sure to the insult: Subjects 

' also incitide apparentiy norinal subjects that do not exHblt^V^rt' symptoms but may be at 

J risk, for example; a subject having -a family historj^or ^etfc-psdisposition towards 

excess Wer cytokii^ ' r " - 

5 ? : Gandidat'6 subjects may-dso'be'identified^b^ sereenHig fof the 4 spdciffc insult or 

* J disorder, subh as exposure to or : infectiatf by hepMfis A, B or-C; acute br chroMc alcohol 

of tylen[61poisonin^; : drrhosis; cholestatic 4iv&^e?as^^ or 

other xenobiotic poisoning. Candidate sSibjectSltfi produces excess" br undesirable 

amounts of cytokine can be identified using bfoddifests-for specific cytdliines associated 

10 with liver function tests (e.g. plasma levels of bile acids, serum glutemate pyruvate 

i0 -trafisamrnase (SGPTy ahd i bilirabeii)? Candidate Su^ects having or at-risk of having 

- i i Elevated UDL, decreased HDL,- or aitoerbsft^^ and atherosclerosis 

} can beldentified' using well Mb^methoHs-av^labie iiPfche art. For example^ gfenetic 

; Screening can idfetftify j a' 'Subj&tTha^ receptor or deficietii LDL 

15 * receptor ^'expression Wlaich'are preSisjSoSed tb early oiiset of cororiaf^ heart disease?.' 

• - " - - Treatment of a subjecf generally results iif^sducifltg the severity of bne-or more 

•symptonis 'of the condition in the stibject/i.e;, animpfbv&i^ 

or a "therapeutic effect." Therefore, treatment can prevent or reduce one or more " 

; '>" symptoms of the condition, inhibit prbgres^cm b^^ and in some 

20 instanced, revarae-the cbriditidn. - Thus; in the^ca&of iiihibitinf reducing cytokine 

prbductibh in a subject, for example,' treatment optimally reduced levelsof one or more 

cytokines so thkt bhronic or acute liver miflaihmatiori o r r resuifmg tisSue^i^iijge is either 

prevented, reduced, inhibited, arrested (worseiiing of iMaminatibn br'tissue damage is 

prevented) bir reversed (e.g^dueto tissue regeneration). Mptovement of ah inflammatory 

25 ' condition of the liver includes any one of the conflitioiis1associated c with liVer cytokine : 
. . .... 

production described herein or otherwise known in the art. 'PaticiilaF Examples include 

preventing, inhibiting, reducing or arresting liver inflammation or tissuVtiamagej for 

examplej causedrby acute or chronic insiilt from hepatitis A tbE; toxin exposure (e.g., 

-alcohol of tylenol or other xenobibfic chemical poisoning such as drugs used in association 

30 with organ or tissue transplantation or cleaning agents cohtaining earbbh tetrachloride, : • 

carbon dichlbride, etc.), development of hver cirrhosis or fatty liver. Additional examples 

include preventing, inhibiting, r&ducing or arresting hver inflammation or tissue damage 

that occurs in association with cholestatic Hver disease or Rbye's syndrome, jaundice, fatty 
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liver and graft vs. host-disease (e.g., transplanted liver rejection), necrosis and . 
.hypertension (e.g., portal hypertension). , r 

- In the case i p£incr^asdng CYP7 A expression or inhibiting bile acid mediated 
■repression of CYP-7A expression in a subject, improvement can include, for example, a 
decrease in-levels of cholesterol, UDL, VLDL, triglycerides, or fatty acids or. an increase 
in HDL,levels> etc. Improvement of a condition associated with excess or undesirable 
levels of LDL-cholesterol YLDL, triglycerides, or t fatty acids or.decreased HDL leyels 
includes any one of the conditions-associated with and pathologies resulting from excess 
or undesirable LDL-cholesterol VLDL, triglycerides, or fatty acids, or decreased HDL 
levels described herein or otherwise known in the ait Particular, examples include ; 
decreasing the risk of developing coronary heart disease, decreasing v or delaying formation 
-.of aterosclerotic lesions, or^arth^sclerosis or reducing their severity,4ecreasing intimal 
thickening of a blood vessel, reducing risk of coronary heart disease or stroke, cardiac 
ischemia, peripheral vascular disease, dyslipidemia, hypertension, etc. r 

A ; The term "ameliorate" means lanjmpiOT 
reduction in, the sgve^tyof liie condition, or an inhibition of progression or worsening of 
the condition. A subject need not exhibit complete ablation of the condition in order to be 
beneficial. Thus, amelioration can occur when improvement is incomplete or the desired 
effect is not completely achieved but is otherwise altered to benefit the host For example, 
u although a reduction of , one or more cytokines in liver may not result in the complete 
ablation of liver inflammation, or a complete ablation of .tissue damage, inhibition or of 
z further inflammation or preventing a worsening of inflammation is still a satisfactory 
clinical endpoint , _ . .}•—•.• — ? * 

tl: The doses or "sufficient amount* * for treating a subject are sufficient to ameliorate 
one,; several or all of the symptoms of the condition, to a measurable or detectable extent 
although, as.discussed, preventing or inhibiting a progression or worsening of the disorder 
or condition, or a symptom,. is,a satisfactory outcome. Thus, in the case of a method for 
treating excess or undesirable cytokine production, a detectable reduction in production of 
at least one cytokine can be sufficient to ameliorate the conditipn. Similarly, in the case of 
a method for treating excess or undesirable LDL-cholesterol or decreased HDL oj CYP7A 
expression levels, a detectable reduction in cholesterol, LDL, VLDL, triglycerides, or fatty 
acids (e.g. 10% to 20% or more reduction), or increase in CYP.7A expression or HDL 
levels (e.g. 10% to 20% or more increase), can be sufficient to ameliorate the condition. A 
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sufficient amount can tie ascertained by measuring the relevant physiological effect or 
indicator (e.g., cytokines, CYP7A, cholesterol; IriglycOTdesf fatty acids, LDL, VLDL, 
HDL, etc.). 'Amouiits will also defend upon the condifiSif trfeated and the therapeutic 
effect or clinical outdbme desired (greater or less', of Mgetifijg'for a specific effect, e.g. 

5 " deceasing cholesterol levels without sig^ The 
' ' skilled drtisan will appreciate tHe various 'factors that-inay influence the dosage* and timing 
Required to treat ipitrticulaf subject, iricluding'bbt-not iiniited to the genial health, age or 

;; 'gender of thesubj^ct, severity J of the disfcasfc or^disorder, previous trefatnaents,-etc: 

L : £• pf j^j agonf st krid antagonist dosage Wges w^tj^pically be from about ;001 to 

10 afeotit 5tfmg/kgbody weight, or .01 to ahdut2G mfj^jgbody wei^ ? OT<);vto about 10 • 
>& } c rftg^g tiody weigftf: PPARfagohist dosage raiigesfot use in the methods of the invention 
1 r Wealsb : afecribeii for ek ampleriri Physicians* Desk Refarence (1999^ 53^ ed-; Medical 
Genomics Compa^,^^ r ^r:^.- ' r-e w ; * . ±. i , 

Inc.,Montvale^W : ^ ; 5 ' f m %f * '" y ~ J ^ : - h: ' * * * " : •■ f f ' " - 

15 i , v r ^PAR7agoid&t and antagonists used iir the methods of the invention can be 

* ■ • : fdrmulatSd ihtbphkmacetoti^^ 

* J :3 actaLi^ 

' :: acceptable" or '^hysiblogically ^-iabceptaBle'^fonrti As liisetf fierein/the terms " 

8< phatmaceuticaliy acceptable* and ''pH^siblogicaily acceptable" refer to Carriers, diluents, 
20 excipients, and other preparations that r caiti fce administered to a' subject, without destroying 
1 abtivily or ad^ipt^^^ H/ ; 

- k ' Phanikceufic^ 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption deikying ag&jts; *aiid Ihe'lilD^ otifloqpafibie '"wifli adnuiiistaBtiEoii'tb a subject. 
25 Suck fbnnulatiohs can be contained in a tablet (cbai'edor uncoated), capsule (hard or soft), 
microbead, emulsion, powder,' granule;' crystal^ suspension, "syrup of elixir;* Supplementary 
— : — - artiy* compounds ^preservatives, among other additive s, may also be present, for 
example, aihtiirriCTobi^ chelating agents; arid inert gases and the' like. 

PPARy agonist and antagonists can bfe iricbrpbrated into capsules, particles or a 
30 ' polymeric substance, such as polyesters, polyamine acids, hydrogel, polyvinyl 

pyrrolidone, ethylene-vinylacetate, methylcellulose, cafrboxymethylcellulose, protamine 
sulfate, or lactide/glycolide copolymers, polylactide/glycolide copolymers, or 
ethylenevinylacetate Copolymers. Microcapsules can be prepared by coacervation 
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. techniques or by interfacial polymerization, for example, by the use of 
hydroxymethylceUulqse or gelatin-microcapsules, or poly (methylmethacrolate) 

: microcapsules, respectively, or in a colloid dispersion system. Colloidal dispersion 
systems include^inacromplecxde complexes, nano-capsules, microspheres, beads, and 
5 lipid-based systems, including oil-in-water emulsions, micelles, mixed micelles, and 

liposomes. The use of liposomes for introducing various compositions is known in the art 
(see, U.S. Patent Nos. 4,844,904, 5,000,959, 4,863,740, and 4,975,282). Piperazine 
based amphilic cationic lipids and cationic hpid systems also are known (see, e.g. 9 U.S. 
Patent Nos. 5,861,397 and 5,459,127). r . _ . 

10 A pharmaceutical fonnulati^n can be formulated to be compatible with its intended 

route of administration,. , Thus, pharmaceutical formulations include carriers* diluents, or 

v. lit .r"" m. r. .. 'n/'j, . » . . > v ' ' • • • 

excipients suitable for admimstration by routes including intraperitoneal, intramuscular, 
intradermal, subcutaneous, oral and intravenous (e.g., portal vein) admimstration. 
t . Oral formulations include a pill, syrup or elixir. Oral formulations generally 
15. include an inert diluent or an edible carrier. For the purpose of oral therapeutic 

administration, a composition can be incorporated with excipients and used in the form of 
tablets, troches, or capsules (hard or soft, e.g., gelatin capsules). The tablets, pills, 
capsules, troches can contain any of the following ingredients, or compounds of a similar 
nature: a binder such as macrocrystalline cellulose, gum tragacanth or gelatin; an excipient 
20 such as starch or lactose, a disintegrating agent such as alginic acid, Primogel, or corn 
starch; a lubricant such as magnesium stearate or Sterotes; a ghdant sjich as colloidal 
silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such 
as peppermint, methyl salicylate, or orange flavoring. . 

v Formulations can also,include carriers to protect the composition against rapid 
25 degradation or elimination from the body, such as a controlled release formulation, 

including implants and microencapsulated delivery systems. Tablets may be formulated 
or coated to delay disintegration or absorption in the gastrointestinal tract for sustained 
action over a longer period of time. For example, a time delay material such as glyceryl 
monostearate or glyceryl stearate , alone, or in combination with a wax, may be employed. 
30 Solutions or suspensions used for parenteral, intradermal, or subcutaneous 

application can include the following: a sterile diluent such as water for injection, saline 
solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other synthetic 
solvents; antibacterial or antifungal agents such as benzyl alcohol, parabens, 



t 



WO 01/62238 PCT/US01/06101 

22 

chlorobutanol, phenol, ascorbic acid and thimerosal; antioxidants such as ascorbic acid or 
sodium bisulfite; chelating agents such as elhylenediamiueietfaace^ acid; buffers such as 
acetaies, citrates or phosphates and agents for the MjusMerit of tonicity such as sodium 
chloride or dextrose. Acids or bases, such as hy(koc^oric r acid or sodium hydroxide can 
5 be used to iadjust pH. The parenteral preparation c£ri be enclosed in amptiles, disposable 
syringes or multiple dose vials made of glass or plastic. u " l " J ' x ' *' 

Pharmaceutical formulations suitable for injection include sterile aqiieouSf solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion! For intravenous administration, 
10 suitable carriers include physiological sahhej bacteriostatic water, Crecnophor EL™ 
1 J ' (BASF, Parsippaiiy,~ NJ) of phosphate buffered saline (t*BS)r 'The carrier can be a solvent 
or diversion medium containing, for example, waterretHaiciol, polyol (for example, 
glycerol, propylene glycol, ^ and liqiud polyetHeylene glycol, md the like)^ and suitable 
mixtures thereof. 'The proper fluidity cairi be'main^stin^ for 'example, i>y the use of a 
1 5 coating such as lecithin, bythe maintenance requir^i particle size in the case of 

dispersion and by the use of surfactants. Isotonic agents, for example, sugars, polyalcohols 
such as mannitbl, sorbitol sodium chloride can be included inlhe composition. Prolonged 
absorption of injectafele^fon^ations can be achieved by including ah agent that' delays 
absorption, for example, aluminum monosteaiate or gelatin. 
20 "Systemic or localized (e.g., targeted) routes of 'admimsfration methods and 

compatible formulations are included. Systemic administration "can 'be achieved, inter 
a/ia, by transmucosal or trah^ 

administration, penetrants appropriate to the barrier to be permeated aire used in the 
formulation. Such penetrants are generally known in the aft, and include, for example, for 

25 transmucosal administration, detergents, bile salts, and fiisidic acid derivatives. 

Transmucosal administration can be accomplished through the use of nasal sprays or 
suppositories. For transdermal administration, compositions can be formulated into 

oin55e5fS; salves; geteror tres&s nn geaassaHy tawyn w ar f 

Targeted administration can be achieved by ihj ection or an implantable device 

30 located in or near the target cells, tissue or organ (e.g., liver). Targeted delivery can also 
be achieved by admimstenng via an endoscope, cannula, intubation tube, or catheter. 
Such devices are also useful for delivering a PP ARy agonist or antagonist to liver. 
Injection into the portal vein or hepatic artery of the liver is another way in which to 
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achieve local delivery* JFor example, the,formi4&tion can be administered by infusion into 
the liver over time qc. ajjolus via the portaj ^vejn. 

Additional pharmaceutical formulations appropriate for administration are known 
in the art and are applicable in the methods and compositions of the invention (see, eg., 
5 Remington's Pharmaceutical Sciences (1990) 1 8th ed., Mack Publishing Co., Easton, PA; 
The Merck Index (1996) 12th ed., Merck Publishing Group, Whitehouse, NJ; and 
Pharmaceutical Principles of Solid Dosage Forms, Technonic Publishing Co., hie, 
Lancaster, Pa., (1993)).. . . ?; , ; 7 /j? % , ^ :)i 

•. , Pharmaceutical fonnul^tions inclu^ 
10 other drugs, therapeutic .agents and Jierbal jnedicines* Such additional drugs, therapeutic 
agents and herbal medicines, can provide an additive or synergistic effect when used in 
combination with a PPAR7 agonist or antagonist. 

As used herein, the terms "drug,">"agent," or "medicine" are used interchangeably 
and include any molecule, natural or synthetic, having a biological activity including, for 
15 4 example, small organic molecules, herbal mixtures (e.g. 9 purified and crude extracts), . 
radioisotopes, polypeptides (growth factors, signaling molecules, receptors, antibodies, 
receptor ligands, etc.), peptidomimetics, nucleic acids (coding for polypeptide or 
antisense) or fragments thereof. Organic drugs or agents often comprise cyclical carbon or 
.1 . heterocyclic, structures, and/or aromatic or polyaromatic structures substituted with one or 
20 ,more functional groups. Drugs or agents are also foundLamong biomolecules, including, 
but - not, limited to, saccharides, fatty acids, hormones, vitamins, steroids, purines, 
pyrimidines, derivatives, structural, analogs, or combinations thereof. Known 
pharmacological drugs and agents are also included (See, for example, Physicians* Desk 
Reference (1999), 53 rd ed^ Medical Economics Company, Inc., Montvale, NJ; and The 
. 25 Pharmacological Basis of Therapeutics, J.G. Hardman and L.E. Limbird^eds. (1996) 
Ninth ed,, McQraw-H^l, New York)- . , ^ 

Unless othen?vise defined, all technical .and scientific terms used herein have the 
r same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or equivalent to those 
30 , described herein can be used in the practice or testing of the present invention, suitable 
methods and materials are described herein. 
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" ' AU puMcations^ 

reference in their entirety. In case of conflict, the piresenf specification, including - 
" ; ' definitions, wiU control. ' ' lc ' " u - 

" 4 As used Kerein, the singular forms "a", "aiid/Siid ; mduHe^lural referents 
5 unless the "context clearly indicates otherwise. Titis-/f o«5^ple,%efeeMGe-to "a 

cytokine" includes a plurality of cytokines and a reference to "a cell of the £Ver^includes 
reference to one or more sucli Cells, and so forth.- - ~ - * f — 

A number of embodiments of the invention have been described Nevertheless, it 
" " will be understood that various modifidatioris tfiiky be ? xria5ie Without departing from the 
10 ' "spirit and scop6 of the invention: Accordingly, M &ili\Wng ixam|>l^We intended to 
iflustrdte buf not liniit the scope of invention desMb^ • 

" " - ' ' - " '>■'■ ' EXAMPLEl ' J • r • 

15 - : '* "xhis example describes methods usied fof Vkiriotis atiilysis/ This example also 1 
* describes in vitro arid in vivd assays for physiological effects produced by PPAR7 agonist 
activity. .. . , 1 r< -... i<4- . » 

Mouse Studies U "' <J ' 

: Female C3H/Htf and C5TO^ 
20 Harbor, M^ 

lSidO) fed water adUbmm wil^eith^ri^^ 

breeder chow supplemented with 20% olive oil, 2fo " dtoltfstwcfl'iu^Q.-^^ tailxocliolic acid 
*" (bile acid-containing atherogenic diet) and watefr aif libitarit. "Mice were inamtaihed on 

ttds diet for 3 weeks. After 3 weeks^nuce were sacrificed at 0900. f ' ' — * 
25 " To study the effect of rosiglitazohe on C^P7A1 expfessioi^ fc57BL/6 mice fed the 

chow diet and the bile acid-containing atherogenic diet were divided into two groups. 

TTaif thft tnir.e ffl each diet group were given either vbhicleXO.25% Tweeri 80/ 1% 

cWlSoxymethylceliulose) alone or vehicle containing lmg/ml rosiglitazone daily by oral 

gavage. 

30 ' Mice were sacrificed at 0900 and blood was detained for subsequent analysis. 

Livers were extracted for RNA, and pblyA RNA was isolated,' as described (Dueland, et 
al., 1993, 1 Lipid Res. 34:923-931; Dueland, et al., 1997, X Lipid Res. 38:1445-1453). 
Poly A mRNA was blotted onto nitrocellulose and probed with 32 P-labeled cDNA 
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encoding rat CYP7A1 and GAPDH (Duelandet al., 1993, J., Lipid Res. 34:923-931; 
. Dueland, et al., 1997^ J r Lipid Res. 38:1445-1453). The relative abundance of CYP7A1 

mRNA to GAPDH mRN4 was detenniued using Ph^sphorimager quantitation (Molecular 
r Bip^ystems). , ^ u t , . , , . 

5 . , . HDL cholesterol levels of blood were determined, as previously described 
(Dueland, et al., 1993, J. Lipid Res. 34:923-931; Dueland, et al., 1997, J. Lipid Res. 
38:1445-1453).. 

Hepatic cytokine mRNAs were quantiteted using RNase protection assays, as 
follows. Jn vitro transcribed ^ 32 P]-?UTp labeled-antisense cytokine probes were 
10 % generated ysing cytokine multi-probe template kits: Mouse mCK-2 (catalog # 45002P) and 
Mouse mCK-3 T (catalog #45003P). (PharMingen International). and a MAXIscript in vitro 
transcription ldt (catalog #1 314) using T7 RNA polymeraseper manufacturer instructions. 
r The radiolabeled probes were eluted througji G25 Sephadex columns (Bpehringer 
r Manohem) to r^ove RNase protection assays were 

15, , r perfoi^^ withHybSpe^RPA Wts (cat^og #1412) (Ambion Inc.) accord^ . 
m^ufacturers specifications. For each reaction, 20 fig of .total RNA w^ hybridized to 
approximately 50,000 cpm of the antisense cytokine probes and digested with a mixture of 
RNase A and RNase Tl . The protected RNA fragments were separated via a 5% 
denaturing ^c^lamide^gel. Phosporlmager (Molec^arD^ 
20 visualize the protected RNA fragments^ 
Cell Culture Studies 

Rat L35 cells were cultured in Dulbecco's modified eagle medium (DMEM) as 
described (Trawick, et al., 1996, J Lipid Res. 37:24169-24176; Trawick, et al., 1997, J 
. , Biol CAem.-272:30?9-3102).. TOT-1 cells, were cultured as described (Moulton, et al., 
25 1992, Proc. Natl. Acad. Sci. USA. 89:8102-8106). - s 

To examine the effects of conditioned media from THP-1 cells on the expression 
of CYP7A1 by L35 cells, THP-1 cells were incubated for 48 h RPMI medium 1640 plus 
10% FBS and: 0.1% BSA; 0.1% BSA containing CDCA (100 /iM); 0.1% BSA containing 
CDCA. RNA was isolated, blotted onto nitrocellulose and probed with 32 P-labeled cDNA 
30 encoding rat CYP7A1 and fl-actin. The relative abundance of CYP7A1 mRNA to (/3-actin 
mRNA was determined using Phosphorimager.quantitation (Molecular Biosystems). 

To examine the effect of bile acids and rosiglitazone on the expression of cytokine 
mRNAs by THP-1 cells, THP-1 cells were incubated for 48 h RPMI medium 1640 plus 
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10% FBS contaiBing and: 0.1% BSA; 0:1% BSA containing 6DCA (100 juM); 0.1% BSA 
containing Cb6A and roisiglitazdne (500 nji) and 0.i% BSA containing UDCA (100 
fiM). Cells were harvested and polyA iriRNA ex1xabte J d, l W(iescribe^ abbve. The content 
of human cytokines mRNAs were quantited by RNase protection assays, a£ described 

5 aboVe except human template kits were used (Human hCK-2-cat2ilog # 45032P and 
ffiman hCK-3-c^^ ; 

Transient Transfections ofPromoter-Luciferase Reporters 
' "* Transfections were performed by Kpdfection under optimized'conditions. 
Typically, L35 cblls were transfected with dOO » ng prbmoter constructs (FXR-luc or LXR- 

10 ' J/ luc) wi^ ; 20 : iig"ofeitiier CMV-LXRaoT al., 1999, Science: 

' ' 2^4 (5418):l3162-f 365), as indicated. Plasmids' were transfected into "cells iisirig 4 
Lipofectamine (Life Technologies) per well in a 12-well plate according to the 
m^ufacturer's ihstfactibns. Transaction efficiencies were normalized by co-tr^fecting 
with pRLrCMV (Proihega), a control vector containing a sea pansy (Renilla reniformis) 

1 5 luciferase gene driven by a CMV promoter in the ratio of 1 : 100. " Transfected cells wefe 
maintained for 24" h b^fbire lysis for reporter assays using the Dual Luciferase Kit 
(Promega). 

Statistical Analysis - 

Results are given as inean± S.b. Statistical significance wa£ detenninedby 
20 Students' t test using double-tailed p values. ^ * " 



■; j : v :m , " ( EXAMPLE 1' ' [i * : *"* ' 

■'j • - •■ ; r;|. \ : - v ' 1 " . c *'"' .. • v ' '\ 

This example describes data showing hepatic CYP7A1 mRNA repression in 
25 atherosclerosis susceptible C57BL/6 mice fed the atherogenic diet but did not repress " 
CYP7 Al expression in resistant mice. This example also 'describes data indicating that 
bile acids increase cytokine expression in vivo in liver. 



- r^TOf ff\ nricq dmded cafe t#e peaps^wge fedihe ^rxw^'rir the bile acid- 



containing atherogenic diet a^ described in Example 1 . The bile acid-(5ontaiining 
30 atherogenic diet markedly decreased hepatic CY?1A\ mRNA expression in 1 

4 atherosclerosis susceptible C57BL/6 mice'(70% decrease^p<0.01), whereas it did not 
' repress CYP7A!l expression in atherosclerosis resistant C3H/HeJ mice (Figure 1 A). 
Moreover, the bile acid-coritairiing atherogenic diet increased the hepatic expression of EL- 
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la. (7fbM,p<0.01),I[ f lj? (4-fold, ^M)fT^aQ;fi)^^m\m^l6-i^ 
p<0.01), and TGF- £1 (7-fold, p<0.01) mRNAs in susceptible C57BL6 mice,,but not in 
resistant C3H/HeJ mice (figure IB). ^These findings indicated that activation of regulatory 
cytokines by liver cells such as resident macrophages or monocytes initiates bile acid 
5 . negative feedback regulation of CYP7A1. , 

* . . EXAMPLE 3 

This, example describes data indicating that THP cells exposed to bile acid 
10 . , chenodeo^ycholic acid (CDCA) increase expression of cytokines, and that rosiplitazone 
v cm block CDCA induction of cytokines. This example_also describes data indicating that 

cytokines, induced by bile acid CDCA repress CYP7A1 expression. 
. r ; h . FoUowii^ active absorption inih 

surface in order to. enter the hepatic parenchjpiaLcell (Love, et. al., 1998 > Curr Opin 
15 , LipidoL 9:225-229). Hepatic macrophages (Le., Kupffer cells) residing at the sinusoidal 
, interface, sense bile adds^transported across &e sinusoids and m response activate 
, .expression of cytokines., -T9 approximate the intacellular relationship between hepatic 
{ macrophages said parenchymal cells, cultured human 1^^ (THP-1 
cells) w,ere exposed to bile acids and the effects, of the conditioned medium examined on 

20 the expression of CYP7A.1 by L35 cells. c , . r 

Rat hepatoma L35 cells cultured in serum free medium containing 1 00 fiM of 
dexamethasonewere .treated with .0.1% BSA, 0.1% ^SA containing CDCA (10Q /iM) 
followed by the addition of 50% by volume of medium frpm.THP- 1 cells which were 
> .incubated for 48 h with 0.1% BSA (THP-1) or 0,1% BSA containing CDCA (100 ~LM) 
25 (THP-1 + CDCA). After 24 hours, cells were harvested, polyA RNA was isolated, blotted 
onto nitrocellulose and probed with 32 P-labeled cDNA encoding rat CYP7A1 and 0-actin. 

CYP7A1 expression by L35 cells was unaffected by CDCA and the conditioned 
medium obtained from THP-1 cells (Figure 2A). However, conditioned medium obtained 
from THP-1 cells exposed to CDCA repressed CYP7A1 expression by >70% (Figure 2A). 
30 The data indicate that: (1) CDCA requires THP-1 cells in order to repress CYP7A1 _ s 
expression by L35 cells and (2) CDCA stimulated THP-1 cells to secrete a factor that 
repressed CYP7A1. 
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" THP-1 cells incubated with CDCA displayedWarked (>10-fold) induction of 
W "^%i(^^t^TU0lSXBS^^^2B^ M contract tile hydrophilic bile acid, 

llDCA, which'dbes not repress CYP7Al a fteuman, eA : M9 { ,'J. Lipid Res. 30:1161- 
! " 1 171.) did riot induce cytokine expression by THP-1 $ells ^igWe 2B)l ' ; ' 
5 PPARy agonism inhi bits production of inflariirii'atory cytokhtes by peripheral 

monocyte/macrophages in vitro (Jiang, et al., 1998, Nature. 391 (6662):82-86). Treating 
THP-1 cells with PPAR7 agonistrosigfctazone completely blocked the ability of CDCA to 
induce cytokine rriRNAs expression by THP-1 cells (Figure 2B). 
**'"'' " r RatliepatomaL35 ceils cum£&mao£tmi ^wSSteMctiiMa&i 100 /M of 
ID J3 , dexamemas6ne were'treated as iridicated (Figure 2^ 
* r nx)in eitiier T^-l cells intubated with 0.1°/o'b&A tTHpil) containing as designated 
CDCA (100 iM) arid/or rosiglitazorie (BKL) or &OmT?ep'G2 Ce'iis incubated with 0.1% 
" ' Ma. coritaMng OTCAX100]^I)/ After 24 h, : celis' were harvested andlie relative level 
' <U WdVP7A'mRN'>>L to^^etm'^RNA was s '^tofi1t^ ; ™T^ts'^ciltt that 
"ft ! ' J roaghtazone ai^o blocked the ability of THP^f ceis exposed to CDCA to produce - 
"conditioned riiedium u^at'could repress CVP7A1 eicpression by L35 cells (Figure 2C). 
J 4 This result^tomcates that cytokines are responsible Tbr ! CYP7Al repression These 
"midlngs also showusu%mg^co^ to 
induce xytdrine expression by THP-1 cells and the ability ofih6 conaitioried medium to 
20 repress the expression of CYP7A1 mRNA by £,35 delis'" " 1 :> yr ~ 1 ' 

'" " 1 He^' cells are ahnm^^atoteoma Mb flk^iro^etaultiple cytokines 
: (Stonans, etall 1&9, Cytokine. 11 (i):l5i-156J, whereasT35 ccfi^dtf Eot Express 
detectible levels of cytokine mKNAs. £3$ cells were cumtfed in serum ireeDMEM 
medium containing dexainethasorie (100 pMj and i treated "with' human TNPafor 24 h and 
25 " examined for CYP7A1 expression. 

Similar to cells, HepG2 cells incubated with u CDCA produced conditioned 

medium that repressed 'CYP7A1 expression by L35 'cells figure 2C)? This result 
~ — " — ' li iil i rn l pVlTm l 1i v i hepatoeytos preduee eyt^aaes m£espaas& tr> hile-acida 'AHHitiopflfl 
studies snowed that TNFaby itself repressed the expression of CYP7 Ai by L3 5 cells 
30 (Figure 2D).' 
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This .example ^escribes data indicating that rosiglitazone blocks.repression of 
: CYP7A1 and reduction of 1$DL induced by bile acids in animals., , ^ ■ 

Activationrof hepatic cytokines might be the basis for the hepatic ^fl animation 
(Liao, et aL, 1993, / Out Invest. 91 (6):2572-2579; Liao, et al., 1994, J Clin Invest. 94 
5 (2):877-884), repression of CYP7A1 (Dueland, et al., 1993, J. Lipid Res. 34:923-93 1; 
Machleder, et al., 1997, J Clin Invest^ (6):1406-1,419) and reduction in plasma HDL 
r. cholesterol (Dueland, et al;, 1997,, J. Lipid Res. 38:1445-1453; lylachleder, et al., 1997, / 
Clin lmest. 99 (6): 1406-1419; Shih, etal., 1996, J Clin Invest 97 (7): 1630-1639). 
observed in atharosclerosis-susceptible C57BL/6 mice. To determine if jpsiglitazone 
10 : ■ could block the repression of CYP7A1 ,and reduction in HDL chQlesterol caused by 
feeding C57BL/6 mice the bile acid-containing.atherogenic diet (Figure 4A) mice were 
fed the bile acid-containing atherogenic^diet with and.without.rosiglitazone. - _ . 
• . ;• Rosiglitazone treatment of chow-fed nrice.caused a, slight 30% decrease (Figure 
, . 4A, p=ns) in the expression of CYP7A1. These v data.indicate th^at PPAR7 agonism does 
1 5 : . not directly induce. CYP7A1. expression. .In contrast, rqsiglitazojie treatment of mice fed 
the bile acid-containing .atherogenic diet blocked repression of CYP7A1 (i.&, the 
expression of CYP7A1 mRNA in rosiglitazone-treated Djiice lya^not significantly altered 
by the bile acid-containing atherogenic diet; Figure 4A). 

The effect of rosiglitazone on HDL cholesterol levels was next determined. 
20 Rosiglitazone by itself did not affect plasma HDL cholesterol levels in mice fed the chow 
, . diet (Figure 4B). However,^addi^g.rosiglitazone to the? bile acid-containing atherogenic 
■ diet prevented most of the dietrindused decrease- in HDL. (figure 4B). 

The results demonstrating that feeding a. bile acidrcontaining atherogenic diet led 
^ jto. a-^0% reduction.in the, egression of hepatic cholpsterol-7a-hydroxylase mRNA and 
25 increased hepatic . expression of cytokines (including TNFa and IL1 , known to repress - 

chqlesterol-7<>hydroxylase expression) in ,C57BL/6 mice, but npt in C3H/HeJ mice, led to 
. studies whichjndicated that bile acid negative feedback repression of cholesterol-7oe- 
. hydroxylase expression by hepatic .parenchymal cells ismediated by cytokines. . Studies 
- supporting this conclusion are 1) Incubating human monocyte/macrophage THP-1 cells 
30 with chenodeoxychohc acid (CDCA) induced expression of regulatory cytokines as well 
as produced conditioned medium that when added to rat L3 5 hepatoma cells caused a 
marked (70%) repression of cholesterol-7a-hydroxyla s se; 2) PPARy agonist rosiglitazone, 
which blocks cytokine production by macrophages in vitro, blocked the CDCA induction 
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of Cytokines by TBOP-1 ceUs and the^roduction of cohditioiied medium' that repressed 
cholesterol-7o:-hydr6xylase bxprbs&on l!>y L35 cc\ls;~&&f m i wvo studies showing that in 
J atyrosClertSis^ imcirbsigHt^b^ of 

hepatic ^ : chbWterbl-7a-hydrbxyrase expression and ; d&re&es plasma HDL levels.- 

" L ' Instin£ : flieafo^^^ 

J> ro'siglitazoiie inhibit activation of cytokine produbttoniniiver of animals^ and 2) that 

PP AR7 agonist sucli rosij^tazto^iiiMbit repression of CYTP7A1 'mediated by bile 

^a^l^miA^"TA^s6 conclusions aire co^ji^lSe SwtBrtihbse of previous studies 

10 v - ^ggestiiig that bite acid negatiVe feedback afcts^by inhibiting CYP7A1" gene trahscriptibn 

" 77 ^>ahdak, et'afc,l99i, /.ifcira 1993^B'ibchem J. 290 

(3):685-£91) ti&'i^^g&tefa kinase CfStfavite, &%£i'l$95 9 £*L$idRes. 36:1359- 

1 ' 1369)^ weli'&I^ 2l^X5*l'^-i36^13^8; Stravitz, 

'°' f "et al:,f995, LifidRes. i6:l35^-f369). The prdductibir of cytokine^ by HepG2 cells and 

' : : thd prfei&ice of Cjrtokhre' producing cells (z. e^x^pfier cefis" and CTidotheliaEl cells) in 

prepa&tioiis of £rkrik^j& hfepatcfeytes ; ckh explain the^bility of CD&A td directly repress 

r ^ r CYP7Alitr • /JiK p ™ •'»''"■ - 

-J ixiii.J. j^.: ; ;o.t.;o ^.cJ:': ' ■•■ - -ji .,'.] [ ^ -.' 

: 1 S J : ^ TMs example described dStk indicatiiig that constitutive hi^h level expression of a 
CYP7A1 tamsgeite iit a&eioscl^bsis^ceptible C57^IV6 micfe prevents reduced HDL 
leVels and at^^ ^ - J -^ * ! '^ 

' ' fb determines 

25" bhanges in hepatic LDL receptor mKNA e^rdssioh'Ml pl^ma ; ieveis of HDL, a CYP7A1 
tranSgen£ i wa^ expressed in 3 atherbsclerbsi$ stisceptiSle CSTBL/e^ce. Transgenic mice 
; were produc6d : by Injecting tKe nuclei of blastbfcykfe with atfansgfene constructed using the 
" • ' iivftr gppmfir. srihaticer obtained from the human apo ^ promoter element. The 'blastocysts 



* ' Were subsequently implanted into ^iseudb-pre^nant imotikers anil the progeny displaying 
30 the transgen^Weire usbd fbr fiirther breeding. ; 

: CYP7Al ?f tra£LSgemc mice and noft-tduisgenic' control iiice were fed a c *high-fat" 

diet containing taurocholke for six weeks. Plasma was isolated retro-orbitally at midlight 

after an overnight (-16 h) faist' u 
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While feeding mice the atherogenic diet containing taurocholate decreased the 
expression of the endogenous CYP7A1 mRNA in non-transgenic littennates, expression 
the CYP7A1 transgme mRNA was not repressed (Figure 5A). As a result, on the 
atherogenic diet the expression of CYP7A1 mRNA was -20-fold greater in CYP7A1 
5 transgenic mice (Figure 5 A). . Moreover, hepatic microsomes obtained from transgenic 
mice fed the atherogenic diet displayed ~20-fold greater enzymatic activity of CYP7A1 
compared to non-transgenic littennates (Figure 5B). The ability to prevent the decrease in 
. CYP7A1 expression caused by the. atherogenic high-fat diet by expressing a CYP7A1 
.^ansgene indicated that C3H/HeJ strain-specific resistance to regression of CYP7A1 is 
0 responsible for both the resistance to decreased HDL and atherosclerosis caused by the 
ath^genic n << hi^l-faf , diet. 

Animals were also analyzed for plasma levels of cholesterol, VLDL, IDL and 
_ m LDL. On a chow diet, transgenic mice displayed a 50% reduction in the plasma levels of 
cholesterol in the lipoprotein particles containing apo B (i.e. VLDL, IDL and LDL; Figure 
15 6A). Feeding the CYP7A1 transgenic mice the atherogenic diet increased VLDL, IDL and 
LDL cholesteroLby 2-fold, reaching the levels displayed by non-transgenic mice fed the 
chow diet (Figure 6A). Non-transgenic Uttennates displayed increased susceptibility to 
diet-induced hypercholesterolemia (i.e. the atherogenic diet increased VLDL, IDL and 
LDL cholesterol tyy t 4-fpld; Figure 6A). Thus, on the atherogenic diet, plasma levels of 
20 VLDL, IDL and LDL cholesterol, in non-transgenic Uttennates were 5-fold greater than in 

CYP7 Al transgenic mice. , 

' • .v ■ ••■ • * N - • • .'V.,, ■ . : v - , / - - 

, The results, indicate that CYP7A1 transgenic mice displayed a remarkable 

'- • u ' ' - -i>^ - • v i» ■• .. ■ g r: • . \ ... 

resistance to reduced HDL levels in response to the atherogenic diet On the chow diet 

. ' . . - ■ ■ - .•; 

plasma HDL cholesterol levels were similar in CYP7A1 transgenic and non-transgenic 
25 Httennates (Figure 6B). When fed the atherogenic diet non-transgenic mice displayed a 
50% decrease in plasma HDL cholesterol (Figure 6B). This ~5Q% reduction in plasma 
HDL cholesterol levels displayed by non-transgenic httermates was nearly identical to the 
reduction in HDL cholesterol rq^orted for inbred C57BL/6J mice (Dueland, et al., 1997, 7. 
Lipid Res. 38:1445-1453). In contrast, CYP7A1 transgenic mice displayed resistance to 
30 diet reduction in HDL cholesterol; the atherogenic diet caused only a 15% decrease (not 
statistically significant, p=ns) in plasma HDL cholesterol levels (Figure 6B). These data 
therefore demonstrate that the presence of constitutive CYP7A1 expression blocked the 
ability of the atherogenic diet to reduce plasma HDL cholesterol levels in C57BL/6 mice. 
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This example describes data showing that mice expressing CYP7A1 transgene had 
fewer atherosclerotic lesions than non-tf ansgenic Uttermates. 

5 Previous studies indicate that in response to the high-fat" diet inbred G57BL/6 

mice develop fatty streak atherosclerosis lesions which can be visualized and quantitated 
from thin sections obtained from heart Valves "(Tmgirala, et al., 1995, J. Lipid\Res. 
36:2320-2328; Shih, et al!, 1995, Mol Med Today. 1 : (8):364^72; Paigen, et al., 1987, 
Atherosclerosis. 68 (3):23iUo). Mice Expressing CYP7A1 transgene we examined for 

10 decreased presence of diet-indnced atherosclerotic lesions. * 1 " 

In the first study, female littermate mice from bott groups were fed the atherogenic 
diet for 15 weeks! Plasma lipids levels were identical to those shown after 8 weeks of the 
diet. Moreover, while non-transgenic mice displayed significant ievels of atherosclerotic 
lesions, CYP7A1 transgenic Uttetmates showed im^etectalDle levels of atherosclerosis 

15 .(Figure 7). 

To examine if similar results' would be obtained m male C57BL/6 mice, which 
compared to females have a reduced susceptibility to diet-itiduced atherosclerosis (Shih, et 
* 2C 1995, Mol ked Tokay. 1 18):364-3^2) maie mice dbtmned from botli groups were fed 
the atherogenic diet for 24 weeks. Hearts were isolated after tne indicated length of time 
20 on the "high far diet imbedded^ tirin sectioned and stained with oil-red 0 add analyzed for 
atherosclerotic lesions. Heart section analysis of female mice fed a high fat diet for 15 
weeks (6 transgenic and 7 non-trainsgenic). Male mice fed the high fafdiet for 24 weeks (9 
mice m each group) 

The ainalysis revealed that while non-transgenic mice developed significant aortic 
25 valve lesions, none of the CYP7A1 transgenic male mice displayed detectable lesions 
(Figure 7). The data therefore demonstrate fliat transgenic expression of CYP7A1 in 
— oiinrrptihi* rsTTff /fi mice recapitulates the atherogenic resistant phenbtype exhibited by 



C3H/HeJ mice. These studies further establish the importance of CYP7A1 in regulating 
lipoprotein metabolism and susceptibility to atherosclerosis in C57BL/6 mice. 
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WHATISCLAIMEBIS; , ■•. . , •, . 

1 . A method of ipl^iting; production of a cytokine by a cell of the liver, comprising 
contacting, a celljrf the liver that expresses a cytokine with an amount of a PPAR7 

. agonist sufficient to i^bitproductionof acytqlmeby the cell. 

2. . <v, The-methodof claim-1, wherein the cytokine is an inflammatory cytokine. 

3. The method of claim 2, wherein the cytokine is IL-la; E^-lft TNFa, IFNft IFN7 or 
TGF-j31,.andthe.^ , . . t ?i; 

4. The method of-claim 1, wherein the cell is. a Kupffer cell, hepatpcyte, bile ductal 
cell, parenchymal cell or endothelial cell. : ( . 

5. The method of claim 1, wherein the PPAR7 agonist composes rosiglitazone, or an 
. i f analogue or derivative thereof. 

6. The method of dainij t, wherein the PPARyagpnist comprises a thiazolidinedione. 

7. The method of claim l r wherein the thiazolidinedione is. pioglitazone, darglitazone, 
. « fluoroglitazone, togjitazone^ BRL 49653, ciglitazone ? englitazone, AD 5075, a salt 

thereof or an analogue or derivative thereof. { . . 
.8; The method of claim 1, jvhepin the PPAR7 agonist comprises a prostaglandin, a 
" r, I ■ fatty acid or a metabolite, thereof. : .. ^ 

9. The method of claim 1, wherein the contacting is in vivo or ex vivo. 

10. A method of inhibiting production of a cytokine in the liver of a subject. 

t . . , . comprising admimsteriiig aPPAR^agonist to the subject in an amount sufficient to 

decrease production ofone or more cytokines in the liver., , 

1L= The methpd of claim^ O, wherein the PPAR7 agonist comprises rosiglitazone, or an 
: - analogue or .derivative thereof. r; 

12. The method of claim 10, wherein the BPARy agonist comprises a 
thiazohdinedipne. \ * ■ , 

13. The method of claim 12, wherein the thiazolidinedione is pioglitazone, 

, darglitazone, fluoroglitazone, troglitazone, BRL 49653, ciglitazone, englitazone, 
AD 5075, a salt thereof or an analogue or derivative thereof. 

14. The method of claim 10, wherein the PPAR7 agonist comprises a prostaglandin, a 
fatty acid or a metabolite thereof. 

15. The method of claim 10, wherein the cytokine is an inflammatory cytokine. 
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16. The method of claim 15, wherein the cytokine is iU&IL-lft TNFa; <JFNft IFN7 
or TGF-/31. 

r 17. ' The method of claim lO/wherdin lie suhjectls^huEten^ - ! 4 * 

18. A method of inhibiting liver damage or susce^bfli*y Oliver damage caused by 

5 production 'of a cytokine in the liVer Comprising administering a PPAR7 agonist to 

k a iubj ect in an^ount sufficient tb inhibit liver damaged susceptibility to liver 
damage caused by production 6f1he : 8yt6kine. J • : 

19. The method of claim 18, wherein the PPAR7 agonist comprises ibsiglitazone or an 
" : ' ' ' : analogue oT^envativ^ thereof. c — ^ «' ; s - ' - 

10 20. The method of claim 18, wherein theTPPART 'agonist comprises* a 
* f * - thi^oHd&edioiie; > 

21 . The method of claim 20, wherein the Qnazdlidm&iiohe is £ioglit&zone, 
,r 5: >r a -Vjh^Q^^ BRK 49653, cightaSdne, englitazone, 

'15 ^22. L The metliod of" klaim f fc, wfc<^in-l!he PPMty agonist coihpriSes a prostaglandin, a 
fatty acidorametaboHte%freofT c ' ' l ' ?<i>'- ; ' ' ?o 1 . 
" : 23V ' * J The Method 6f claM^8, wherein the c^tbkineas- ah inflammatory cytokirie. 

24. The method of claim 23, wherein^&e c^tokin^is n>la* TE-Ift lOTa, IFNft IFN7 
or TGF-/S1/ !i « - * t;r cSf niv ' *" " ' " {l — * 
20 25'. Th^ / 

' 26. A inethbd treating or reducing ttie risk of an ^iManmatdfjKeohdition of the Uver 
in a subject comprising administering arPPAR-y agoiiist to the subject in an amount 
sufficient to treat or reduce the 'risk of t& of the Uver. 

27. The method of claim 26, wherein IhePPARf agbmsfcomprises rosiglitazone or an 
25 analogue or derivative thereof.' ' % '' vu " i0 r ' : . 

28. The method of claim 26, wherein the PPAR7 agonist comprises a 
' ; thiazolldinedidne. ' ^ ' :I - >v ' : 11 0 

"29: — ' T1 u li r tli n * nf ^ 1nfm ™ j tVift tliiaynliHiihft dione-is nibglitazone, 



darghtazbil^ flubroglitazoiertroghtazohe, HRI> 49653, -ciglitazone, englitazone, 
30 AD 5075;' a salt' thereof or an analogue br derivative thereof. 

30. The method of claim 26, wherein the PPAR7 agonist comprises a prostaglandin, a 
fatty acid : ot^ a metabolite thereof. " ,5K 



.WO 01/62238 PCT/US01/06101 

35 

..- ,...31. The method of clairn 26, wherein the inflammatory condition comprises alcqholic 
liver disease, cirrhosis, tylenol poisoning, Reye's syndrome, acute .or chronic 
xenobiotic ppisoning, acute or chronic hepatitis infection, or cholestatic liver 
disease. ... . . .. ... 

5 32. The method of claim 26, wherein the subject is a human. 

33. A method of increasing cholesterol-7oshydroxylase (CYP7A) expression 
comprising contacting a cell of the Uver with an amount of a PPAR7 agonist 
sufficient to increase cholesterol-7a-hydroxylase (CYP7A) expression by the cell. 

34. The method of claim 33, wherein the cell is a Kupffer cell or hepatocyte. 

10 35. The method of claim 33, wherein the PPAR7 agonist comprises rosiglitazone, or an 
analogue or derivative thereof 

36. The method of claim 33, wherein the PPAR7 agonist comprises a 
thiazolidinedione. 

37. The method of claim 36, wherein the thiazolidinedione is pioglitazone, 

15 darglitazone, fluoroglitazone, troglitazone, BRL 49653, ciglitazone, englitazone, 

AD 5075, a salt thereof or an analogue or derivative thereof. 

38. The method of claim 33, wherein the PPAR7 agonist comprises a prostaglandin, a 
fatty acid or a metabolite thereof. 

39. The method of claim 33, wherein the contacting is in vivo or ex vivo. 
20 40. The method of claim 33, wherein the cell is present in a subject 

41 . The method of claim 40, wherein the cell is human. 

42. A method of inhibiting bile-acid mediated repression of cholesterol-7a- 
hydroxylase (CYP7A) comprising contacting a cell of the liver with an amount of a 
PPAR7 agonist sufficient to inhibit bile-acid mediated cholesterol-7a-hydroxylase 

25 (CYP7A) repression. 

43. The method of claim 42, wherein the cell is a Kupffer cell or hepatocyte. 

44. The method of claim 42, wherein the PPAR7 agonist comprises rosiglitazone, or an 
analogue or derivative thereof. 

45. The method of claim 42, wherein the PPAR7 agonist comprises a 
30 thiazolidinedione. 

46. The method of claim 45, wherein the thiazolidinedione is pioglitazone, 
darglitazone, fluoroglitazone, troglitazone, BRL 49653, ciglitazone, englitazone, 
AD 5075, a salt thereof or an analogue or derivative thereof. 
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: 47. The metitiod of claini 42; wherein the PPAR7 agonist Emprises a prostaglandin, a 
'■■ r/ ' ^ ld ™' : 

48. Thd method of claim 42, wherein the contacting^ Hh'Wo or ex vivo; 

49. The method of claim 42, wherein the cell is present in a subject. 

5 50. The method of claim 49, wherein the ceil is hunufr. * : ::f : iU ■ - : 

: * / '* ' v J Mi • or^-nr:! > * .-j ... 

' . { '. x ;j \ ■ ' ' ft ' 0 Jk. a f 2:- - Tri 
?■ " - ; ' > : Try ;' n . . "rTttv>. t U ;-f 3:c ; r : ». V. \ i. v ** 
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